Abstract: Several studies investigating the relationship between body mass index (BMI), waist circumference (WC), and/or body fat (BF) with macronutrient composition of the diet have suggested that dietary composition may play an important role to overweight/obesity in childhood, but its relation remains inconclusive. The aim was to assess the association between energy intake (EI) and macronutrient diet composition with overweight/obesity among children.
INTRODUCTION
L ast decades, children and adolescent worldwide population showed high prevalence of overweight, which has been converted in an important public health problem not only in these segments of the population but also in their future adulthood. 1, 2 Children and adolescents overweight and obesity are multifactorial, and caused by interactions between genetic, socio-demographic, behavioral, and environmental factors.
It has been pointed out that obesity grows after energy intake (EI) exceeds energy expenditure, but sometimes overweight and/ or obese children did not show higher EIs, [3] [4] [5] [6] [7] which may have been due to methodological errors, or to the fact that children at risk of overweight could have eaten more than nonobese children at a previous stage but not at the present, or may also be influenced by characteristic psychological and dieting aspects that appear after obesity has been already arisen. 8 Nevertheless, it has been pointed out that body mass index (BMI), waist circumference (WC), and/or body fat (BF) are related with EI, which suggested that the proportion of dietary protein, carbohydrate, and fat (the macronutrient diet composition) may play an important role on childhood overweight and/or obesity similarly to the findings in adults. 2, [3] [4] [5] [6] [7] [9] [10] [11] Elliott et al 2 pointed out that few studies specifically addressed fat, protein, and carbohydrate intake in relation to BMI, WC, and/or BF in children. Several cross-sectional studies reported a direct association between fat intake and adiposity in children 3, 4, 10, 12 but others did not. 2,5 -7,11,12 In several studies, an inverse relationship between total BMI and EI as carbohydrates have been demonstrated, and overweight children and adolescents consumed less energy as carbohydrates compared with their lean counterparts. 3, 5, 6, 9 It has been proposed that dietary protein intake may also modulate BF contents; however, the results on the associations of protein intake with overweight and/or obesity are controversial. 3 -7,11,12 Therefore, the relationships between dietary composition and the development of childhood obesity demands further work. 12 To test the hypothesis that diet composition is associated with the presence of overweight/obesity in children, we assessed diet composition in a group of overweight/obese children before treatment and normal weight age-matched controls and we estimated the relationship between diet composition and the presence of overweight/obesity in this sample.
MATERIALS AND METHODS

Subjects
The study was a nonrandomized, case-control study including 396 Italian children and preadolescents: 200 overweight and obese recruited from 2008 onward at the Obesity Clinic of the Regional Center for Pediatric Diabetes of Verona, Italy, where they were addressed by their public health systemprovided general pediatrician because of overweight/obesity, before starting a multidimensional treatment program for obesity, 13 and 196 age-and gender-matched control subjects of Caucasian ethnicity who were recruited from a survey conducted in the same geographical area by the same research team to assess the prevalence of cardiovascular risk factors, as it was previously described. 14, 15 In this design, control sample was larger than the case sample (about 700 children 8-13 years old), and the matched control was automatically selected for each case, within the proper age and gender group, by random extraction function of Microsoft Office Excel. None of the children had any overt disease other than obesity or was taking medication. To exclude obese children with potential impaired glucose tolerance or type 2 diabetes, which have a 6.9% and a 0.1% prevalence, respectively, among those from the study area, children underwent an oral glucose tolerance test (1.75 g glucose/kg body weight, maximum 75 kg). None had impaired glucose tolerance or diabetes. 15, 16 The characteristics of the present study have been previously described elsewhere. 13, 15 Inclusion criteria were age (9-13 years old), and ethnic group (Caucasian). Obesity secondary to other diseases, chronic diseases and chronic use of drugs, dieting at the time of the study, or EI < 110% of their basal metabolic rate predicted by age, weight, and gender 17 were considered as exclusion criteria. The Ethical Committee of the University of Verona approved the study. Informed consents from all the participants and parents were obtained.
All the participants underwent a physical examination, comprising height, weight, WC, and blood pressure measurements, as well as assessment of Tanner stages (pubertal development). 13 Height was determined using an anthropometer (SECA 217, Hamburg, Germany) to the nearest millimeter, with the subject's head in the Frankfurt plane. Body weight was determined to the nearest 100 g using a digital scale (Tanita BC-418, Tanita Corporation, Arlington Heights, IL). The subjects were weighed in bare feet and light underwear. The BMI was calculated. Subjects were defined as overweight or obese on the basis of their BMI, using the International Obesity Task Force BMI cut-offs for overweight and obesity, corresponding to a BMI of 25 and 30, respectively, at the age of 18 years (Supplementary Table 1 , http://links.lww.com/MD/). 18 WC was measured halfway between the iliac crest and lower rib using a nonstretching tape with attached spring balance pulled to a tension of 250 g. Waist-to-height ratio (WHtR) was also calculated.
Physical activity was evaluated translated Italian version of the International Physical Activity Questionnaire (IPAQ), which is available upon request. In order to improve validity, the questionnaire was interviewer-administered and short version was adopted 19 asking participant (or his/her parents, according to age and maturity) frequency and overall duration of sedentary activity, walking, moderate and vigorous physical activity during the last 7 days. Interview was performed by the same trained dietician in charge of dietary assessment.
Dietary Assessment
As it has been previously described elsewhere, 13 weekly meal and snack intake was determined through 1 interview (diet history) with mothers and children conducted by a trained dietician. Information regarding portion size, frequency of eating, food preparation, and place of consumption was also recorded. To define food portions and the amount of consumed food, pictures included in an atlas specially designed for this purpose, and approved by the ANDID (National Association of Dieticians) 20 were used. Computerized food composition tables of the Italian Institute of Nutrition (Metadieta, Meteda, S. Benedetto del Tronto, Italy) were used to calculate the daily food energy values.
Biochemical Parameters
Blood samples were collected from antecubital vein after !12-hour overnight fast. Triglycerides (TG), total cholesterol (TC), and HDL-cholesterol (HDL-c) levels were assessed by means of enzyme-based assays (Cobas integra, Roche Diagnostics, Indianapolis, IL). LDL-cholesterol (LDL-c) level was calculated using the Friedewald equation. 15 Plasma glucose was analyzed by using the glucose oxidase method. Serum insulin level was measured using the specific chemiluminescence method with an Insulin Bridge kit (Adaltis Inc., Montreal, QC, Canada). Quantitative insulin sensitivity check index (QUICKI), 21 the homeostatic model assessment (HOMA), 22 and HOMA-b 23 were also calculated.
Statistical Analysis
Data were analyzed using IBM SPSS Statistics 21.0 software (SPSS, Chicago, IL). All analyses were stratified by gender.
Minimal sample size of each of the 4 samples used to compare diet composition of obese versus normal weight children/preadolescents (ie, obese and normal weight boys, obese and normal weight girls), was calculated in order to have a 90% statistical power to detect a minimal difference of 2%, 5%, and 3% in the mean intakes of protein, carbohydrates, and fat as percentage of total energy, respectively, with a 5% a error.
Formula used was
Variable variances were issued from previous local data. 13 Minimal differences to detect were arbitrarily decided as the 10% of the recommended intake based on Italian RDIs.
25 ta and tb were set at 2.0 and 1.3, respectively, that are acceptable proxy t values guessing that an n sample size of 50 to 200 individuals would be needed, in order to avoid solving equation by iterative steps. Sixty individuals was the minimal sample size needed for each sample, to be 90% powerful to detect all of the 3 abovecited minimal differences. Based on the final sizes of children/ preadolescents samples we were able to include in the analyses, the study was 99%, 100%, and 95% powerful to detect the minimal differences set for proteins, carbohydrates, and fat, respectively, in both boys and girls.
The Shapiro-Wilk test was used to assess normality of distribution of variables. While differences in means were tested by an unpaired Student t test when variables were normally distributed, difference of medians was tested by the MannWhitney U test when variables were not normally distributed. Spearman's correlation analysis between nutritional variables and BMI z-score and WHtR were performed. Multiple-linear regression analysis to explore the relationship with nutritional variables separately and the dependent variable (BMI and WHtR) were also performed. Prior to linear regression analysis, both dependent and independent variables were log transformed. To evaluate the relation between overweight/obesity and nutritional variables, logistic regression analysis were used, with the prevalence odds ratio (OR) and confidence interval (CI) of overweight/obesity as the outcome, and each of the nutrient categories as predictors. The multivariable analyses were adjusted for age (years) and physical activity level (PAL). A P value < 0.05 was considered as significant.
RESULTS
Overall, 20 normal-weight children (10 males and 10 females) and 29 overweight/obese children (13 males and 16 females) were excluded. Therefore, the analyses were conducted on 347 children, 171 overweight/obese and 176 nonobese. No statistical significant differences in mean age and BMI were obtained between excluded and included children. Table 1 shows physical characteristics and biochemical variables of normal-weight and overweight/obese children, by gender. The samples studied were homogeneous in terms of puberty. In both genders, there were significant differences in weight, BMI, BMI z-score, WC, WHtR, diastolic and systolic blood pressures, HDL-c and triglycerides levels between normal-weight and overweight/obese children, but not in height, total cholesterol levels, FI, HOMA, and QUICKY. Differences in LDL-c levels, FPG, and HOMA-b were found between normal-weight and overweight/obese subjects in males but not in females. The mean PAL was not significant different between normal-weight and overweight/obese children in either gender. Table 2 shows EI and macronutrient composition of the diet of normal-weight and overweight/obese children, by gender. In both genders, there were significant differences in EI (kcal/d and kcal/kg): overweight/obese children had significantly greater crude daily EI than did nonoverweight children; however, after body weight was considered, the overweight/ obese children had less EI than did their leaner counterparts. Overweight/obese children had significantly higher carbohydrate, protein, total fat, SFA, MUFA, PUFA, and dietary fiber intakes expressed in total grams than their leaner counterparts. The differences between the means, when expressed as percentage of EI, were statistically significant for proteins, SFA, and MUFA (and PUFA was significantly only for males), and also dietary fiber expressed as g/1000 kcal; but EI from carbohydrates and fats was significantly lower in our population of overweight/obese males and females, respectively. Overweight/obese children also showed a higher ratio of dietary animal to vegetable protein than nonoverweight ones. Spearman's correlation and linear regression were used to evaluate the association between BMI, WHtR, and nutritional variables are shown in Table 3 . BMI was strongly correlated with WHtR (r ¼ 0.914, P < 0.001). In both genders, total energy and percentage of energy from proteins were positively related with BMI and WHtR, while EI per kilogram of body weight (kcal/kg) correlated negatively with BMI and WHtR. Dietary ratio of animal to vegetable protein was also significantly positively correlated with BMI (in females) and WHtR. Total fat (% of EI) was significantly negatively correlated with BMI and WHtR in females, while energy from SFA and MUFA and PUFA was directly associated with BMI and WHtR in males (except PUFA for WHtR). A negative association between percentage of energy from carbohydrates and BMI was also found in boys. A weak but significant negative association between cholesterol intake (expressed as g/1000 kcal) and BMI was also found in females.
For the 175 males and 172 females, we examined nutritional determinants of overweight plus obesity (Table 4) . The relationship between BMI and protein intake based on quartiles shows a significant difference among the groups, suggesting that overweight/obese children consumed more energy from proteins than their leaner peers. The proportion of the overweight/obese children was tenfold higher in quartile 4 of protein intake compared with quartile 1 in males and females.
The highest carbohydrate intake (quartile 4) showed 64% lower OR (CI: 15-87%) for overweight/obesity among males, but it was not significantly related to BMI among females. Total fat and PUFA/SFA ratio were no associated with the OR for overweight/obesity, although, a higher proportion of overweight/obese children was found in quartile 4 of EI from SFA, MUFA, and PUFA compared to quartile 1 in males and in quartile 4 of EI from MUFA compared to quartile 1 in females. OR for overweight/obesity increased across the quartile categories of dietary fiber variable in males. None of the other nutritional determinants (sugars and cholesterol) were associated with the risk for overweight/obesity among children.
DISCUSSION
The main finding of this study is that EI and the macronutrient composition of children's diet, particularly higher protein intake (including a high ratio of dietary animal to vegetable protein), are related to adiposity. Our findings further support the idea that the diet macronutrient composition may play a contributing role to obesity in childhood, although data from children and adolescents researching this relationship are scarce and have produced inconsistent results. 3, [5] [6] [7] 9, 11, 12 Several studies evaluating the relation between the EI and overweight and/or obesity, have failed to show that fatter children have higher reported EIs. Several authors 4-6 reported an EI in overweight and/or obese children significantly lower than lean ones. Other authors 3, 7, 11 detected no significant difference between normal-weight and overweight children regarding the EI. However, several researchers 12 found a modest but significant correlation between EI and BMI z-score and WC in a study performed on 1352 children ages 5 to 17 years old, after screening out misreporters. These researchers 12 also reported a significantly higher EI in subjects with the highest BMI z-score (quartile 4) than in their leaner counterparts. The findings of the present study are consistent with previous results, 12 suggesting that our overweight/obese population consume more energy than their leaner counterparts. However, in agreement with previous findings, 9 even if overweight/obese children had significantly greater daily EI than did nonoverweight children, the overweight/obese children showed less EI/ kg of body weight than did their leaner counterparts. This is not surprising, because obese children have large amounts of fat that is less metabolically active than fat-free tissues, contributing less to the overall energy expenditure, thus they have lower resting energy expenditure/kilograms of body weight than their lean counterparts. 26 With respect to differences in diet composition, we found that protein intake was directly associated with BMI and WHtR, and our overweight/obese children consumed more proteins than their leaner counterparts. Although our results differ from some published studies, 4 -6,12 which detected no difference in protein intake between overweight and nonoverweight children and adolescents, they are consistent with previous authors 11 who found a direct association between EI from proteins and BF percentage, WC and hip circumference among Finnish children ages 6 to 8 years old. Several authors 3,7 also reported a greater contribution of protein to the total EI in overweight children and adolescents. Aeberli et al 7 reported that among Swiss children (n ¼ 156) ages 6 to 14 years old, after excluding under-reporters, overweight children consumed 7.7 g more protein or 1.2% more energy as protein than normal-weight children. It has been pointed out that high BMI and high BF percentages in late childhood may be predicted by a high protein intake during the weaning period and the first years of life. 8,11,27 -29 However, the assessment of the association of protein intake after weaning period with childhood overweight showed controversial results. 11 One explanation for the high protein intake observed y Spearman's correlation coefficients between BMI z-score, WHtR, and nutritional variables. z Values are unstandardized b-coefficients from multiple linear regression analysis to explore the relationship with nutritional variables separately and the dependent variable (BMI z-score, WHtR) adjusted by age and physical activity level.
in our overweight/obese population could be attributed to unhealthy dietary choices such as replacing vegetables with meat, as suggest the differences found in the ratio of dietary animal to vegetable protein when groups were compared.
EI from carbohydrates was lower in our population of overweight/obese males. Again, using binary logistic regression, a higher EI from carbohydrates (quartile 4) was associated with a lower OR for prevalence of overweight/ obesity in males. This inverse association between dietary carbohydrate intake and adiposity has also been reported by previous studies. 3, 5, 6, 9 Several studies reported a positive association between the lack of dietary fiber in pediatrics' diet and the degree of body fatness in children 30 and adolescents 31 while others did not. [10] [11] [12] 32 Contrary to expected findings, results of the present study are consistent with those of previous works, 33 which found that higher fiber density was associated with increased risk for overweight/obesity in German children. Moreover, Brauchla et al 31 previously examined the food sources of dietary fiber in US children (2-to 11-year-old) and adolescents (12-to 18-yearold), and found that the foods providing the highest proportion of dietary fiber to the plausible diets of children and adolescents were not high-fiber foods (ie, French fries, pizza, or white bread/rolls). These authors 31 also found differences in the main sources of fiber in the healthy weight 2-to 11-year-old children compared with their overweight/obese peers (ie, the healthy weight children consumed more high-fiber foods such as peanut butter or popcorn); however, there was a not significant trend of decreasing risk for overweight/obesity with increasing fiber density among them. Accordingly, data on dietary fiber intake and body weight in the pediatric population are not consistent yet. 31 Regarding fat intake, overweight/obese children have significantly higher intakes of total fat than their leaner counterparts. However, EI from fats was lower in our population of overweight/obese females. A negative association between BMI and WHtR and energy from fats was also found in females. These findings seem to be consistent with a previous study 12 in which an inverse relationship was observed between fat intake and BMI z-score, although no significant difference between groups when subjects were split into quartiles based on BMI zscore and WC were observed. To the contrary, there were not found significant differences between the groups in boys. This finding accords with several other studies which showed no significant difference in percentage fat intake in overweight and nonoverweight children and adolescents. [5] [6] [7] 11 However, our results also conflict with other studies that have demonstrated a positive association between adiposity and dietary fat. 3, 4, 9, 10, 12 When dietary fat composition is concerned, it appears that the overweight/obese children in this study consumed a significantly greater proportion of their overall energy in the form of both saturated and unsaturated, than did their leaner counterparts. Few studies with children and adolescents have published data on differences in actual dietary fatty acid consumption between overweight and nonoverweight people. 7, 9, 11 However, the results of this study are similar with results previously reported, 9 in which SFA, MUFA, and PUFA were significantly greater in obese children ages 9 to 11 years old than in their nonobese counterparts, and significantly and positively correlated with %BF. With respect to cholesterol intake, in the present study a significant negative association with BMI was found in females. Unfortunately, few studies with children or adolescents subjects have published data on differences in cholesterol intake between overweight and nonoverweight people, which showed that obese children 12 and overweight adolescents 3 consumed greater amounts of cholesterol than their leaner counterparts.
LIMITATIONS AND STRENGTHS
This study has several limitations. The difficulties to assess food intake in humans and especially in young people are well known. 34 It is possible that unknown confounder factors may have influenced the results of this study, such as parental educational or professional level. Moreover, we cannot infer causality because of the cross-sectional design of the study and hence the study provides information on the obese state only, not on the development of obesity.
This study also has several strengths. First, the present study is based on objectively measured weight, height, and WC instead of reported values, and on rigorous methods for assessing diet. Second, overweight/obese was defined by internationally accepted age and specific BMI cut offs, 18 which enables the comparison of results with studies conducted in the same age group in other countries. And finally, this study presents vital information on the relationship between the EI, diet composition, and adiposity in children.
CONCLUSIONS
In summary, the findings of this study support that EI and the macronutrient composition of children's diet may play an important contributing role to adiposity. In fact, we found a higher daily EI in the overweight/obese group when several studies have failed to demonstrate it. It has also been suggested that diets high in fat 3, 4, 9, 10, 12 and protein 3, 7, 11 and low in carbohydrate 3, 5, 6, 9 may cause an accumulation of excessive BF even when total EI is not in excess. In the present study, the overweight/obese children were consuming a greater proportion of their overall energy in the form of protein than nonoverweight ones. Moreover, the overweight/obese males and females were consuming a lower proportion of their overall energy in the form of carbohydrates and fats, respectively, than their nonoverweight counterparts. It also appears that the overweight and obese children consumed a significantly greater proportion of their overall energy in the form of both saturated and unsaturated fat, than did their leaner counterparts. However, robust longitudinal studies are needed to elucidate the relationship linking obesity and dietary intake in children.
